Introduction
Rapid advancements in the medical sciences have changed the understanding of the diseases down to the molecular level and in turn revolutionized the diagnostics and therapeutics. Similarly, architectural and engineering progression has reshaped the outlooks of the hospitals with the aim of comforting the patients. Despite all that, hospital environments remain a source of infection for the already ailing clientele. The scare of 'super bugs' has further aggravated the situation requiring more consolidated efforts for protection of admitted patients.
Healthcare associated infections (HAIs) are major cause of increased morbidity and mortality (World Health Organization [WHO] , 2009). Statistics of various surveys show that 1 out of 10 patients admitted in hospital invariably acquire HAI (Emmerson, 1995) . Data from developing countries is sparse, the situation otherwise seems to be much higher as compared to the developed world . Worldwide around 1.4 million people are affected by HAIs at any given instance (Pittet & Donaldson, 2005) . HAIs account for 99,000 deaths in American hospitals according to the Centres for Disease Control & Prevention (CDC) estimates (Klevens et al., 2007) , and 37,000 deaths in Europe (WHO, 2011) .
HAI or nosocomial infection is defined as localized or systemic infection which reveals itself in patient either during stay in hospital or after discharge, and was not incubating at the time of admission (WHO, 2002) . Hospital infection control (HIC) refers to combination of various guidelines, policies and modalities implemented to minimize the risk of spreading infections in a health care facility. In the past, HAIs were restricted only to the hospital environments but in the recent years, various healthcare settings such as ambulatory care, home care have also been included in this category. This chapter essentially focuses on the prime aspects of HAIs especially lately documented.
These unanticipated but otherwise preventable infections have many distressing consequences such as increased mortality, prolonging morbidity and hospital stay, additional diagnostic and therapeutic interventions adding financial burden not only for the patient but also significant economic consequences on the entire healthcare organization. HAIs thus have a negative impact on the patients and their families and in turn the system. The financial effect is humongous as it has been estimated to reach £ 1,000 million each year
The sites involved and the sources could be multiple. Surgical site infections comprise 20% of HAIs and around 5% of operated patients develop these infections (de Lissovoy et al., 2009; Gottrup, 2000) . Neonatal nosocomial infection doubles the mortality risk and can only be improved by paying comprehensive attention to all aspects of neonatal intensive care (Gill et al., 2011) .
Invasive fungal infections in hospitalized patients increase morbidity and mortality. Candida spp. is responsible for 15% of HAIs and 72% of nosocomial fungal infections, and invasive candidiasis has mortality rate up to 40-50% in hospitalized patients (Gudlaugsson et al., 2003) . Water in the dental units may be contaminated with a variety of organisms which may in turn cause infection during dental procedures (Kumar et al., 2011) .
Responsibility of infection control team
Infection control in a health care setting requires a multifaceted approach (CDC, 2007) and is responsibility of everyone coming in contact with the patient. The pivotal role is performed by a committed Infection Control Team usually comprising:
Infection Control Team is responsible for establishing infection control policies and procedures, providing advice and guidance regarding infection control matters, regular audits and surveillance, identification and investigation of outbreaks, awareness and education of staff (Ayliffe et al., 2000) . The team works under Infection Control Committee which chiefly carries the responsibilities of making major decisions, problem discussion with the team, departmental coordination, educational activities, policy modification and recommendations.
Factors implicated in healthcare associated infections
Factors predisposing a hospitalized patient to HAI are related to organisms, host and environments.
www.intechopen.com Serratia marcescens has been associated with nosocomial outbreaks mostly with contaminated fluids and injections. Recently there has been an outbreak among newborns due to usage of contaminated baby shampoo (Madani et al., 2011) . Clostridium difficile associated diarrhoea (CDAD) is associated with high mortality rate in hospitalized patients particularly elderly with multiple co-morbidities (White and Wiselka, 2011) . Acinetobacter baumannii has rapidly emerged as a nosocomial pathogen and that too with acquisition of multidrug resistance. Anti-pseudomonal carbapenems have been utilized against this resistant species, however, one-half to two-third of the isolates have been reported as resistant to this group as well (Tsakris et al., 2006) . Viral infections can be transmitted through different routes in the healthcare settings; airborne viruses such as influenza virus, respiratory syncytial virus, adenovirus, rhinovirus, coronavirus, measles, rubella virus, mumps virus and parvovirus B19 can spread through droplets or indirectly by settling on surfaces; faecal-oral route such as norovirus, rotavirus and human adenovirus 40 and 41 (Lopman et al., 2004) ; and blood-borne like hepatitis B and C viruses and human immunodeficiency virus (Davanzo et al., 2008) .
Host-related factors
The host could either be a patient or staff. There are numerous risk factors which predispose a host to acquire HAIs including:
 Low body resistance as in infancy and old age.  Underlying illness gravity -patients with severe diseases /debilitated conditions.  Prolonged hospitalization. 
Environment-related factors
Environment has a very significant impact on the chances of acquiring HAI and it varies for different places within a hospital. Clean and healthy environments in wards and sterile conditions especially in ICUs, nurseries and operation theatres minimize the risk of HAIs.
Routine cleaning and disinfection is not sufficient in hospitals with continuous flow of patients, healthcare workers (HCWs) and visitors, and more efficient methods may have to be adopted to maintain the requisite standards (Wang et al., 2010) .
Mode of transmission of microorganisms
It is important to understand the mode of transmission of microorganisms for putting barricades in the chain at healthcare settings. These include (CDC, 1998; :
Droplet transmission
Droplet particles, produced by coughing, sneezing and even talking, can settle either on surrounding surfaces or on the body mucosa which can be transferred to others. Examples include meningitis and pneumonia.
Airborne transmission
Particles less than 5 micrometers remain suspended in air and may be inhaled causing infection in a susceptible host. Examples are tubercle bacilli and varicella virus.
Contact transmission
This is the most common mode of transmission of organisms which can be direct or indirect. In direct transmission, organisms are transferred from an infected or colonized person to another susceptible host by direct skin contact. In indirect transmission, organisms are first transferred from an infected person to a normal host such as a HCW and then to another. Most common example of contact transmission seen in surgical settings is the transfer of S. aureus from an infected wound or boils.
Vector-borne transmission
This mode is unusual in developed countries but it is not so uncommon in resource poor healthcare settings. Organisms are spread by vectors such as flies, mosquitoes and fleas. A common example is spread of dysentery caused by Shigella spp. through flies. 
Other modes
There are sometimes incidences where the source of infection in hospital setting is common and many persons get infected through the same source like use of contaminated food, drinking water, ointments, topical solutions and instruments. This can lead to outbreak in hospital setting.
Principles for hospital infection control
In general, infection control measures particularly revolve around the following: 
Measures taken in hospital
These include standard infection control measures and transmission based precautions (CDC, 2007) . Standard infection control measures are universally accepted and followed in most healthcare facilities.
Hand washing and hand hygiene
Hand hygiene is one of the key measures for preventing HAIs (Pittet & Boyce, 2001) . Hand washing between patient contact and after surgical/invasive procedures is the most simple, economical and easy to perform measure significantly reducing infection transmission. However, its practice and compliance has been the core issue worldwide especially in the developing countries (Collins, 2008) . Poor hand hygiene practices in hospital has led to number of outbreaks and adverse outcomes (Jarvis, 2001; Stanton and Rutherford, 2004; Hugonnet et al., 2004) . It has been well established that simple hand washing with soap and water can prevent majority of childhood illnesses causing high mortality (Luby et al., 2005) . Provision of sinks at various places in hospitals, monitoring of hand hygiene and continued education of staff in hospital can increase the level of patient safety. Hand washing and hand hygiene practices can be improved and monitored by using guidelines, 'How-to-Guide: Improving Hand Hygiene' (Institute for Healthcare Improvement, 2008). A versatile approach involving HCWs in the form of social marketing or especially directed towards barriers to hand hygiene seems to be much more successful (Forrester et al., 2010) .
Preoperative hand scrubbing by surgical team is mandatory to prevent surgical site infection along with wearing of gloves, gown, mask and cap. A latest study recommends appropriate disinfectant application to forearms for 10 s as part of preoperative hand disinfection (Hubner et al., 2011) . Another study recommends alcohol-based hand rubs for surgical preparation because of prompt antimicrobial action, broad spectrum, lesser side effects and avoiding the risk of contamination by the rinsing water (Widmer et al., 2010) .
Importance associated with hand hygiene awareness requires national commitment. It is mandatory part of national infection control programmes in many countries. A baseline survey of activities in improving hand hygiene was conducted by the WHO First Global Patient Safety Challenge in 2007. In 2009, it was repeated to evaluate the latest situation. Promotion of hand hygiene has become an important initiative with most of the countries; however, coordinated efforts are to be strengthened across the world (Mathai et al., 2011) . WHO message remains -'Clean hands are safer hands'.
Wearing wrist watches augments the bacterial contamination of the wrist but until it is manipulated, excess hand contamination does not ensue (Jeans et al., 2010) . The wearing of watch over the chest pocket is definitely preferable.
In demanding situations like patient overload or in critical care units, alcohol based hand rub may be a more realistic approach as it acts rapidly, takes less time and less irritable (Pittet & Boyce, 2001 ). Goroncy-Bermes et al. (2010) recommended 3 mL of alcohol hand rub containing adequate active concentration for contact time of 30 s. In general, sufficient amount should be utilized to cover all the surfaces of both the hands. Increased application of alcohol hand rub has been associated with noteworthy reduction in MRSA rates in hospital settings (Sroka et al., 2010) Much valuable time of HIC experts has been spent in the development and implementation of audit tools for hand hygiene. Gould et al (2011) recommended a combined approach of routine screening from product uptake and utilization of infection control experts. A promising consideration adjunct to the safety culture is involvement of patients in the design and promotion of hand hygiene at the institutional level .
Physical precautions
Personal clothing is changed after arriving in the hospital and varies for different departments and hospitals. The indication for changing clinical attire is not as intense as other infection control measures like hand hygiene but it should be part of measures for controlling infections and the concept of 'bare below elbows' may be preferred (Shelton et al., 2010) .
Personal protective equipment (PPE) is used by healthcare workers for protection against infectious organisms as it acts as a barrier between the worker and fluid or material containing infectious agents. PPE may comprise of gloves, mask/respirator such as N-95, gowns/apron, goggles/face shield, shoe and head covers. Some of the important aspects for proper PPE utilization are:  Risk assessment is an important aspect before deciding about the sort of PPE to be utilized. PPE should be selected according to the risks involved in that particular healthcare setting.  PPE should not be worn outside the restricted area. There should be properly allocated place for every HCW for keeping PPE.  Each HCW should have his/her own PPE.
 PPE should be changed between patients' contact followed by proper hand washing.  Used or old PPE should be disposed of properly.  Double gloving should be done where indicated and punctured gloves should be changed immediately.
Healthcare setting environments can be protected by provision of physical barriers in the form of isolation of infected cases. Isolation policy and guidelines for the infectious cases thus remain pivotal for curtailing pathogen spread and have to be prepared according to requirements considering transmission mode, risk of spread to others, severity of infection, effective treatment available, and impact of isolation on patients (Ayliffe et al., 1999) . Cohorting of the patients infected with same pathogen can be done.
Environmental safeguards
Hospital environments hold a diverse group of microorganisms surrounding a patient which generally originates from normal flora of patient, HCW, visitor, or from infected wounds. In the recent years, much debate is going on the role of environmental cleaning in reducing HAIs. The apparent hygiene of hospital cannot be linked with the risk of HAIs.
With the emergence of fear and public panic due to 'superbugs' causing serious HAIs, hospital environments have been blamed for such infections. However, the exact role of hospital environment in causing these infections remains unknown (Dancer, 2009 ). Some of the superbugs such as Acinetobacter baumannii and Pseudomonas aeruginosa, after gaining access to hospital environment especially in ICUs, are extremely difficult to eradicate even with the advanced disinfection techniques. Hospital room surfaces and inanimate objects such as blood pressure set, stethoscope, utensils, etc can become colonized with resistant microorganisms such as MRSA, VRE and Clostridium difficile. Ungloved hands can become 50% more contaminated with low level pathogenic microorganisms (Bhalla et al., 2004) .
For prevention of health associated infections particularly in immuno-compromised patients, special attention should be directed to the quality of air circulating in the hospital environments (Leung and Chan, 2006) . Total air change rate should be 15 air changes/hr for operation theatres and delivery rooms; 6 air changes/hr for intensive care units, isolation rooms and laboratories; and 4 air changes/hr for patient rooms. Isolation room, equipment sterilization room and laboratory should have negative pressure control while intensive care unit, operation theatre and delivery room should have positive pressure control. The flow of air has to be from clean towards dirty areas. A latest study by Tang et al. (2011) has nicely observed the role of airflow patterns and movement of suspended material in infection control of aerosol and airborne transmitted diseases employing different techniques. This understanding would be very beneficial in understanding aerosol and airborne infection transmission through precise airflow visualization techniques and in turn developing modalities for preventing them.
Among many sources responsible for nosocomial infections, hospital water is a controllable but overlooked source. Many pathogens can survive in hospital water supply, transfer antibiotic resistance and have been implicated in numerous outbreaks (Anaissie et al., 2002) . Proper guidelines for the monitoring and prevention of hospital water borne infections are still limited. Legionella pneumophila, pathogenic mycobacteria, parasites and viruses have been implicated in hospital water borne diseases. In the recent years, pathogenic fungi and molds have been increasingly reported (Falvey & Streifel, 2007; Garner & Machin, 2008) thus mounting the need to formulate guidelines for the monitoring of hospital water sources (Hayette et al., 2010) . Avoidance of hospital tap water, routine and targeted surveillance cultures of water sources, and hospital staff and patients education are major measures to control water associated nosocomial infections. Marchesi et al. (2011) employed hyperchlorination, thermal shock, chlorine dioxide, monochloramine, boilers and point-ofuse filters to control Legionella spp. in hospital water supply.
The make of surfaces of hospital items does affect the contamination chances. Coppercontaining items tend to reduce the number of microbial surface contamination in hospital environments (Casey et al., 2010) . The antimicrobial activity of copper-containing surfaces has been demonstrated to be far more effectual as it decreases the biodurden to a far greater amount as compared to the standard materials (Marias et al., 2010) . The routine cleaning of these surfaces, however, is mandatory and the make of surfaces act as additional factors against HAIs.
Central venous catheters are justifiably used in the ICUs whereas reverse is true for non-ICU settings and even for prolonged periods facilitating infections. There is a dire need to prevent infections associated with CVCs and short-term indwelling catheters. Measures should be targeted at insertion time with judicious usage of CVCs in these settings as part of strategy to reduce HAIs (Zingg et al., 2011).
Control of multidrug resistant organism
Multidrug resistant (MDR) organisms in hospital settings add further impetus to the status of HAIs. Empirical use of costly and broad spectrum antibiotics against these organisms further augments their resistance potential. For example, it is much more difficult to treat ventilator associated pneumonia due to MDR Acinetobacter baumannii in an ICU than a sensitive strain. A multicentric study showed that bacteremia caused by MRSA strain is associated with higher mortality and prolong hospital stay than caused by methicillin sensitive strain (Cosgrove et al., 2003) .
During the past decade, MDR organisms have emerged at an alarming level especially in intensive care units. In these settings, MRSA infections have been dominant with 60% of all the staphylococcal infections followed by VRE, 20% of all the enterococcal infections; while 31% of the enterobacter infections were caused by third generation cephalosporin resistant strains (CDC, 2004) . Surveillance data in the USA showed that MRSA accounts for 64% of the invasive nosocomial infections due to S. aureus. Various studies have shown that the data of frequency of MDR organisms outside the ICUs is almost similar (Loeb et al., 2003; Trick et al., 2001) . Matenez-Capolino et al. (2010) showed that active surveillance cultures with contact precautions augmenting the standard measures could help reducing nosocomial MRSA in healthcare settings. Nasal carriage of MRSA by the patients as well as staff remains an important source for infection. Many remedies have been tested for nasal elimination of MRSA including local 2% mupirocin application which has lead to emergence of resistant strains. Polyhexanide, a widely used antiseptic, has been shown to be an effective alternate to mupirocin in elimination of nasal MRSA especially mupirocin-resistant strains (Madeo, 2010) .
Surveillance
Surveillance comprises continuing systematic collection, analysis, interpretation and dissemination of data pertaining to health related events to be utilized for improving the health system (CDC, 2001) . It is a vital component in HIC chain for avoidance and early detection of outbreaks and in turn prompt response as well as determining the need and measuring outcome of actions already adopted (NAO, 2000) . Surveillance can be localized or targeted such as to see ventilator associated pneumonia in an ICU or generalized such as to measure infection rate in a hospital. Financial restraints of a hospital are very important to determine the type of surveillance performed. With transformation in healthcare delivery system and advancement in more friendly electronic tools, surveillance methods will continue progression and facilitate effective infection control measures (CDC, 2007) .
Staff working in hospital environments has to be protected from catching infections from patients. There should be a regular health surveillance system, ideally part of occupational health services within the setup. The department should address the needs of HCWs especially regarding relevant vaccination status and any accidental exposure, maintaining proper and timely health records, and requisite guidance and training.
Hospital antibiotic policy
Injudicious use of antibiotics especially in hospital settings is a major factor in the development of drug resistant organisms. Each hospital must have its own antibiotic policy based upon the culture and sensitivity results that should be regularly reviewed. Overuse and misuse of antibiotics exerts a selective pressure on bacteria thus resulting in emergence of drug resistance. If possible, usage of newer and costly antibiotics should be restricted to minimum and prescribed only for serious conditions or non-availability of alternate choice in order to prevent the emergence of resistance (Ferguson, 2004) . In the recent years, attention has been directed to a greater extent towards prevention through immunization and HIC steps as substitute to reduce the prescription of antibiotics.
Many studies have shown that rational use of antibiotics alone can significantly reduce emergence of drug resistance (Landman et al., 1999; McNulty et al., 1997; Quale et al., 1996; Saurina et al., 2000) . In order to reduce emergence of MDR organisms, certain measures should be considered while prescribing antibiotics such as: Measures must be instilled for ensuring awareness regarding hospital antibiotic policy.
Sterilization and disinfection practices
Hospital sterilization and disinfection policy is crucial and basic component of infection control system. All invasive procedures require direct contact between patient's skin or mucous membrane and medical devices thus carrying a risk of direct transfer of pathogenic organisms. Various steps required to reduce infection rate in hospitals by effective sterilization and disinfection policy include an efficient and dependable team, assessment and implementation of ongoing disinfection policies, adequate staff training and regular audits (Coates and Hutchinson, 1994) .
The level of sterilization and disinfection depends on the risk assessment: critical items such as surgical instruments for direct tissue contact require sterilization while semi critical items such as colonoscope with mucous membrane contact and non critical items such as stethoscope with intact skin contact require high level and low level disinfection respectively (Dancer, 2009 ). Failure to strictly comply with these policies can lead to outbreaks and transmission of pathogenic organisms such as Mycobacterium tuberculosis from one person to another through medical or surgical devices such as contaminated endoscopes (CDC, 1998; Uttley and Simpson, 1994 ).
Spaulding's devised compact and effective scheme for sterilization and disinfection is still in practice with certain modifications (Weber et al., 2002) . Critical items can be purchased as sterile or disposable or treated with steam. Heat sensitive instruments can be sterilized by ethylene oxide, hydrogen peroxide gas plasma sterilization or by liquid sterilents if other methods are not appropriate. One of the disadvantages of liquid sterilents is that the devices cannot be wrapped during processing leading to difficulty in maintaining sterilization after processing and during storage.
In case of semi critical items such as endoscope, colonoscope, respiratory therapy equipment, devices should be free of all the pathogenic organisms with exception of small numbers of bacterial spores. These items require high level disinfection with chemical disinfectants such as glutaraldehyde, hydrogen peroxide, ortho-phthalaldehyde, peracetic acid with hydrogen peroxide, and chlorine. After disinfection, these items should be thoroughly rinsed with sterile water and allowed to dry thus reducing the chances of contamination by eliminating the wet environment favourable for bacterial growth Spaulding, 1968) . Non critical items such as stethoscope, bedpans, bed rails, blood pressure cuff, furniture and floors do not require sterilization or high level disinfection as they come in contact with the intact skin. They do not require separate processing unit and can be disinfected at the same place. There is no documented report of a non critical item causing direct transmission of an infectious agent to patients (CDC, 2003) . However, they can contribute to secondary transmission mode by www.intechopen.com
Healthcare Associated Infections: Nuisance in the Modern Medical Epoch 13 contaminating the hands of HCWs and subsequently to the patients. Quaternary ammonium compounds, chlorine based compounds and phenols are some of the commonly used low level disinfectants.
As skin antiseptics prior to venous puncture, alcoholic products appear to be better than non-alcoholic solutions (Caldeira et al., 2011) . Spores of C. difficile can contaminate the healthcare settings and require use of appropriate disinfectant. Many available disinfectants like alcohol-containing gels, detergents and quaternary ammonium compounds are ineffective against C. difficile spores. Chlorine releasing agents are reliable for its control but with limitations under dirty conditions (Fraise, 2011) .
The importance of sporicidal disinfectants can never be undervalued especially under the present circumstances. Commercially available sporicides have to be evaluated through testing standards. Although a number of such standards are available in Europe, these have limitations such as prolonged application time and do not involve surface contamination. Organization for Economic Cooperation & Development is presently preparing a more realistic set of standards (Humphreys, 2011) .
Hospital waste management
Proper disposal of hospital waste is the last requisite in the chain of an effective HIC system. The hospital waste is a threat not only for the patients and the concerned staff but also to public health and environment (Singh & Sharma, 1996) . It is a bit neglected part in the developing countries leading to spread of infectious diseases like hepatitis B, hepatitis C.
Hospital waste includes all types of waste generated in a healthcare facility including laboratories. The infectious waste comprises pathological, isolation, laboratory, surgical, autopsy and animal waste, human blood and blood products and contaminated sharps. Others include chemical, genotoxic and radioactive waste. Sharps contaminated with blood are the major risk factors for infection transmission (WHO, 2002) .
Calculation of infectious waste output is obligatory for each healthcare setting so as to streamline the final disposal. Studies have shown that in the US, the rate of average waste production is 5.9 to 10.4 kg/bed/day while in Western Europe it is around 3-6 kg/bed/day (Brunner, 1986; Halbawach, 1994) . Disposal of this infectious waste remains intricate and expensive with special concerns like environmental hazards related to incineration. As such, infectious waste reduction leads to cost reduction (Daschner, 1991) .
Various components of hospital waste management include: collection of waste by defined persons, segregation/sorting of waste, transportation, storage and disposal.
Principles of waste management
 Dedicated hospital waste management committee is a prerequisite.  Suitable waste management plan based on risks and types of waste generated.  Waste minimization is an imperative aspect to be highlighted to HCWs.  Color coded bags must be utilized according to the type of waste.  Waste to be transported in trolleys or carts and stored at specified restricted places.  Sharps should be stored in proper boxes with biohazard sign.  Sharps should be first autoclaved and then buried in a secured area after compaction.
Animal carcasses and anatomical waste should be incinerated while radioactive waste should be dealt according to the national laws.
Education and training
Awareness of the HCWs has to be ensured and updated in the form of regular educative and training activities. Not only that, patients and their relatives have also to be imparted awareness regarding infection control measures in order to break the transmission chain. Healthcare infection control should be a mandatory component of training at postgraduate and undergraduate level for HCWs and also imparted to all others coming in contact with patients or medical equipment (CDC, 2007) .
International efforts
Determined efforts and concern for HAI control at the international level especially by the WHO have to be acknowledged. The material available at the WHO website provides plenty of guidance in this respect. The material can easily be downloaded and utilized in preparing local policies. The global involvement in raising awareness about hand hygiene has been commendable. Similarly, assistance can be sought through abundant valuable information provided by the CDC website. These are truly helpful for the developing world.
Regular live and archived lectures are available through courtesy of Webber Training Inc (www.webbertraining.com). These have ample latest information that can provide guidance to the HCWs especially concerned with infection control.
